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11- TEMPERATURE MEASUREMENTS BY A SLIT DIAGNOSTIC
TECHNIQUE*

Joseph D. Sh man, I-LVunon Smith, Jr., Carl Geisik, and Paul Allison
Los Alamos National M)oRIMory

LOS Alanms, NM 87545

Absrraa

H- ion beams are exuacted at 5-25 kV from a long,
narrow slit on a Penning surface-plasmasource (the 8X
source). The extraction gmmetry produces negligible
transverse elccuic fields (fuussing effccls) along tie slit
length. Therefore, the ion angular spread reflects the
distribution of ion enagies at the plasma surface. W angular
distributions are measured with an electric-sweep emimmce
scannw whose slits are oriented normal to the long dimension
of the emission slit. The ncaly-Maxwellian angular
distributions rneasuml over the central portions of Ihe ribbon
beam give kTH - of 0.1 to 0.2 eV for a 2-A dc discharge and
0.8 to 1.0 eV for 350- to 500-A pulsed discharges. This
diagnostic techniquehassufficicmt@tion rwolutirM to allow
measurmemt of lJmkTH- a@d distribudons. 11d.so dlOWS

study of the~- depdenciea onimscul’cepamme=s (e.g.,

irmeasirrg the H2 gw flow Iowa% kTH- ).

I. INTRODUCTION

One mechanism proposal for H- production in the
Rnning surface-plasma source (SPS) is the remnant charge

exchange of fast cathode (=100 eV) H“ with lower energy
~-I cV) W atoms within tie plasma discharge.[1] If M?
production mechanism domi.lates, then the fast H- ions
quilibah 10he W umpemture befcm extraction. Previous
measurementsby ~mic methods [2S] in SPS SOUIWS
show that the W temperamre is one eV, m an intrinsic kTH-
of this order may be expected. Measuremmts of kTt{- in ion-
snurce plasmas by Imcr diagnostic lcchniqucs have been
lnili;tlcd,14 ] In the prcscnl cxpcrimcnl, wc usc u mclhod Iurscxl
(m ifm-opictil ctmsidcrnlior; und lhc usc t)f ull cmill:ll;cc-
mc;lsurm~ dcvi~.c [5] It) dcwnninc kl’11- .

Ily ltlcilsllrill~ Illc un~ulnr dislrilwlion ol 11- ions
(wlr:l~.lwl [’rem lhc t’ctllrd rrgilm (d’ n hmg, nnrrow c.nussion
sIII, IIIC slIt+nd dwrrnli(ms und ollwr fmwssin~ d’ltcls mny M

Ilrj:lrl”l(’tl, “1’111.111(’ilSllll’(1 Wlj:lt’ () is 111( ’11rcl:ud h) IIIC ion

Ilwmlnl energy @ I und tlIc Ircmn ctlcrgy @l, by O = d$ I /@l).

The ciuhmlc.cuthodc and aundc-anode gtrp:. wilhin the tiX
source If)] arc troth 3,40 cm. ‘I”hc,sedimcnsion~ UI1OW

insudlnli(mof a long cmimiorr slil from which a Il. bcum may
hr cxmwtcd, {Jsinp a Mnxwelliun Imrlcl for the dislrihulion

[un(’tl(m r(o) CRlr( O? l$@T1l-) fiiw’s

h“l”ll ().”MII qll, (ot,wll~l)’” (1)

1111Ilw mllmm h“l’11- itl IIILI NNII(T IIIMIII:I, wlwlr ol:~ll~~ is

(!(’11’1111111(’(1Ill)rll 111{’ Ilwmllrll Ih’:lln :Ill}!lll:ll {Ilslllhllll(ms.

● \\ ’,ll\, ,,,11,11,,,1,,,1 ll\ II,,, 14.1!1 (11 111,11.11,.1,, 11~ Allll\ S1l.lll, )111

Ikl!,lli, ( ,!11,11,,11,,11111,1,,1,,ll.,lll, ,,,. Ill Ill!. 11’1 Ih.111 {II I ll!’l)l\

IL HWERWWWAL METHOD

A alit emitter& = 3,66 cm long and 0.061 cm wide is
constmtcd for the 8X source. The extractor slit is 3.9 cm
long and 0.086 cm wide. ‘he exuaction system allows the
emitting plasma 10 be examined in either the cathode-lo-
cadmde (parallel to Lhe magnetic field) or anode-to-ancmlc
(p~icuh to the magncdc field) directions. The cm!ssion
and extraction slits are parallel to within =5 mrad. The
extraction gap in theseexperimms is 0.49 cm,

Figure 1 is a schematic dmwing of the experimental
mangemenl with tlw anode-to-anode orientation of the slit

extinction system. The “y” scanner is used to measure the H-
angular distributions as a function of position. The electric-
mveep miter [5] (ESS) entrance slit is lcc.atodd = 12.3 cm
hom the plama emitter. T&IN analyzing slits am wientd
_ic* to the long dimension of M emission alit.
Maximum scanna angular acceptanceO=n z f142 mrad, so

the observable length ●t the erniuer position is ~g =

2dm@sc,J = 3.52 cm. This dismce is about the same as
the emitui Icmgth~. To separatehe thermal group of ions

fromthosefromthe slit ends, & >>2d~(kT@,) -0.2 cm is
required and easily satisfied here. Beam space-chargo is
neutralized beyond the 0.49+m extracliorr gap by positive
ions @uced by Ixam-hnlmticm of the background gas.[7]
The scanner wgular resolution is *0.5 mrad, so the energy
resolution ●t 20 keV beam energy is -0.002 eV.

The y-plane 15-kV phase-spce diagram shown in Fig. 2
for d discharge currenl id = 350 A consisls of 50 position
slices. lle angle full SCSICon this plot is +39,6 mrad. Large
bcrrm aberrations urc dmcrvcd at the cxtrcmc posi[ions which
cwrcspond 10 ion cxmrmiorr UI [IN sli[ c.nds. I’hc prdollli~’iln[

1’1$, 1, !h. hmInlII’ 1)1 llw Nlil ml II XSIIm cnllmlitul xymm 1111

k’1”11 111’oIItIIItsIIIt.111 “1’lw muillt’1 IS in lhr nmItlI” h) 111111111’

I lmli~ufnll,m (In”rlwtl{limllnf III llw IIlq:nrlit lIt$lI l). wlwtt’ Ihv
mn}:twlii Iwhl I\ RIIIIIX lhr h 1111111111111,‘1’lw 1’SS SIIII 11111
111111(1),1111.11Ill Ill!, l,llll\\lllll ,111,1 ,,111 ,1,11,111 ,111<
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Fig. 2. Phsse-spsco diagram for a y.plmm emittmnce SCW.
(andc-m.mmde orimrunon of h smission cli[) ●I 15 kV.

feature of the scanned beam in M cerural pculion is the
angular widIII b by the lhcamalenugy ol ILC H ions. llw
cenual region of * kam has a small envelope di~
X = 1.8 mrad/cm. FIgum 3 shows the bm current
cwillogrzm at I-MHz bandwidth fmthepham-qwc diagsmn
shown in Fig. 2. Tlte Faraday cup is MM large cnomgh to

capturethe whole beam, so dte H- cumwu shouldb mL..#al
by .1.5 m ~in tie full km CII~L Tho a~xima~

emission current densily is 230 m~m2 for id = 350 A,

1 mA/cm2 for id = 2A. The 8X source is UNUM to oMain
grindbeamquiescence.The ESS ramp vohagc is superim~
M Fig. 3; the angular disui~.ion daLSarc acqcired beIwoen
1,6 imd 1.9 ms,
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111.RESUL~ AND DISCUSSION

Theangular disuibtbn da@ for a podicrr slice -r k
-UJ of lhc Fu. 2 emillnncc scsn (pulsed di!har@ is slmwn
in Fw. 4. A Maxwellian fit m tie dam wilh a Ieaat-aquema
fitt@ rouline @ves kTH- = 0.81 OV f- equation 1. Ah
shown in Fig. 4 is one mnpkof IM 2-A dcdlacharge data
with a fit. f kTH- = 0.18eV. The peak ampliludc of Ilm de

dalalmelmml lKslnalixed tolhepukddaIa hFig.4.
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Fig. 4. Typical Maxwollisn fhs LO ●ngular diswibution- lor
ptdd and * dischxr~as.Both measurementsme msda al y -
0.04 cm. msr dw dischargeccmcr.

Beuuac the km is slightly diverging (1 > O), tie

anglesx Ihe analyzer will bc reduced by lW = -U = 4.m3,
which amounla m dmut 0.05 CV for lhe pulsed diachargc.
Tlw observed divcrgcncc (Posilivo) is consis!cru witi wed
- qmcectqe cxpanekm in tk =cd gap. M analysisd
mad phw-apx plots shows that b divcrgmcc correaicm
IOkTH- im~ witi IhCbCSMIXXWKC, and in all ~ W
CrmWion ialesalhan s%.

‘lltc appfoximalc unccnainlics in the measurcmam
IKCSCII@d~ in tcmnsof their cffecla on kT am (1) ham
energy-2%, (2) ESS design calibration— 1%, (3) digik
imirrrr-1 %, (4) fil rmltinc--2%, (5) spccc charge--5%, (6)
alignnn:nl crcuracy. I%, soovwtill mwriwy dmuk! hc =6qJ,

An Wimalc for IIIC pl:IWII:I ~llrfilt’(! hmglh ?l) which

conlrihulcs 10 Ilrc llllglllilr distribution l’or Ihc pdsml di.SCllilr#’

in I:ig 4 is?, =

I

2{llilll(Ol:wll ~l/”) :: (), I 5 Clll <~: 0s. ‘Illis

shoWS thii[ I Kg k’1’l1. miiy 1~- [dmlinrd ils ii [IIIM lkm ()(

pmiliou dnqz Ilw rmissiml slil. TrmprI:IIIIIcs ;III’ dw iv~’d

11111111111’mwmurd II illllllllill dlSllllUlll(UIS ill ill~l(ll lhirly [tl
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ptsilior~ for Ilm Fig, 2 din~rum is rihov+m itl l~i~, SU, “Hrt
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cmilhx is in IJIC armdc - anode orientation, _dicuku 10 h
rncgnclic Iicld. Apparent lcrnpwmum rise al *I cm positions
is cmrscd by IJWonscl of lhe significant lransvcrae ckc~ic
fiilds. A gradual dccmasc in k k~~- is noted with poailion
increase over lhc central pcmh in Fw. *. TIds may b
csuralby inawscdgss dcndyaince h~gasfemlislocaud

aty=+l.7cm inlhc liac@echamh. F~urc5bahowathc
kTH - as a function of position for he cuhobcalhodc
orientation, pafallcl 10 the msgmtic f~. llwrc is no large
systcrnalicvariation of &m~mrea with psilkm in Fig. 5b.

Mcasurcmcmsof kTtl- as a function of ~ for lhc anodc-

anodccricmation arc shown in Fig. 6 for (a) a dc discharge at
2 A and (b) a pulsed discharge m 470 A. Hers WC H-
Icmpnuurc hash averagedoverall b paidons where slit-
cnd ahcrratiam arc nci prc.scm. The dcrivul Lmpcralurcd arc
seen m hc indcpcndcruof lhc beam pcrvcancc or energy, as
Owy IIIUSI hc for ii lruc Lcmfmalurc. Tcmpcrmum fur
IhC dc di.whargcs wc 0.1 - ().2 CV (cf. Fig. 4) while [ho.scfor
Ihc pul.scdmcasurcnlcnLsarc 0.8. 1,0 cV. Lower tlischargc
currcms pmducc Iowcr I 1- ion lcmpcrmurcs jusl as lhcy
pmducclower 1P lcmpmmrcs.[23]

25 SO 75 100 12525 50 75 100 125

QH2 (seem)

Fig, 7. PIOISO( kTl{- VS, H2 gas kw for lhc (a) anode-nrmdc,

and (h) cah-de-cmhodc slit nricrllwions. Idcnlical guidt. -lu-lht-
cyr mu vcs uc shown cm Lmlh ploIs.

IV. SUMMARY

{~:1~1
5 10 15 20 25

I+K. h. Mcnsurcd kTli - as mfundrm of the beam energy fur (s)
~ 2 A Ik dischqt, xrd (b) s 470 A pulaod discharge, ConsIuII
lmrqu.rmur,! lines me shown In guide he eye.

Tcmpcraurc moasurmcmt of W H- ions is made by analyzing
h angular distribukn of ions cxuacti fromalongslil. Tlw
plasma gcnemux mu h large enough to install a suffiiicmly
long slit 10 qmrata the lhennal icns frcnn h slit+nd ions at
kc analyzer and LOminimise qxm+htu’gc cffwIs. Wc assume
Ihal for the 8X Paining SPS he angular spcml in lIw bcom

ccnmd region is daninawd by Ws plasma H- ion tcmpcramrc.
llc cmvclopcdivcrgcncs al ti analyzer is anudl, showing lhal
Ihc Imm spwc-charge expansion in Ihc cxlruclion gal) is

small, A rcsull of hsc mcasurcmc.msis IImi lhc inhcrcnl I!-
ion lcrnpralurc for Ihc Rnnihg SF5 auurco may bc conxidcr-
ahly lower than previous cstimatcs,13] and CIOSCto hc
previously measured Ho lcmpcraluroa. Thoac nlcasurcmmnls

suggcalan inlinum link hlwm h Ho aml H- spxics in this
phlwl.
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